invasion into the kidneys was noted in mice given a 2-s thermal injury. This study demonstrated that thermal injury enhances the ability of C. albicans to infect mice and that the depth of burn appears to be an important factor in determining whether the organisms can invade through the burn wound to cause systemic infection. This animal model should be valuable in elucidating the virulence factors of C. albicans that play a role in the pathogenesis of candidiasis after thermal injury.
Candida albicans and, to a lesser extent, other species of Candida have emerged as significant opportunistic pathogens of the debilitated patient (2, 4, 5) . This is especially true in the case of individuals suffering from thermal injury (3, 7, 12, 13) . The loss of the barrier function of the skin (3, 6) , the use of broad-spectrum antibiotics to control bacterial infections (11) , the use of hyperalimentation to offset the increased metabolic rate (8, 16) , indwelling intravenous catheters (15) , and the alteration of the immune system (10) put the thermally injured patient at an increased risk of infection by candida. In recent years, burn wound colonization and systemic candidiasis have been observed in an increasing number of patients, and treatment with systemic antifungal agents has often been ineffective in controlling infection (7, 13) .
To begin to investigate the virulence factors of C. albicans that may aid the organism to infect burn patients, an animal model of thermal injury is necessary. This report describes studies in which scalded mice were used to examine the ability of C. albicans to invade through burn wounds and cause systemic infection.
MATERIALS AND METHODS
Organisms. The C. albicans strain used in these studies was isolated from the burn wound of a patient at the Shriners Burns Institute, Galveston, Tex. The organism was maintained on Sabouraud dextrose agar (Difco Laboratories, Detroit, Mich.) slants at 4°C. To prepare cultures for animal inoculation, the stock culture was inoculated into 25 ml of Sabouraud dextrose broth (Difco) and incubated for 48 h at 37°C in an environmental shaker incubator (New Brunswick Scientific Co., Inc., Edison, N.J.) at 125 rpm. The organisms were harvested by centrifugation and suspended to a concentration of 108 organisms per ml in sterile saline. obtained from Harlan/Sprague-Dawley, Houston, Tex. The animals were acclimated for 1 week before burning and given water and standard laboratory chow ad libitum throughout the study. The mice were anesthetized with sodium pentobarbital (Nembutal; Abbott Laboratories, North Chicago, Ill.) (40 mg/kg, injected intraperitoneally). The backs were shaved with clippers and further depiliated with Nair (Carter-Wallace, Inc., New York, N.Y.). Scald burns were produced by placing the animals into a mold which exposed an area on the dorsum equal to 20% of the total body surface area. The area was immersed in 90°C water for 2 or 7 s, and 15 min postburn, the mice were given 1 ml of sterile saline intraperitoneally as fluid replacement therapy. Animal inoculation consisted of 0.1 ml of the candida suspension (108 organisms per ml) spread onto the surface of the wound. The animals were housed with five mice per cage until sacrifice. Groups of animals were sacrificed at 1, 4, 7, or 10 days postburn, and biopsies were obtained for histology or quantitation of organisms in the tissue.
Histology. Skin and wound biopsies were fixed in 10% buffered Formalin, dehydrated in ethanol, and paraffin embedded. Sections were cut at 5 ,um on a microtome and stained with hematoxylin and eosin stain and Goodpasture's stain for bacteria.
Quantitation of organisms in tissue. Biopsies (skin, wound, or kidneys) were weighed and homogenized in tissue grinders containing 5 ml of sterile saline. The samples were diluted in saline and 0.1-ml portions were plated in duplicate by the agar pour plate technique (9 Statistics. Differences in wound colonization between animals receiving 2-s burns and those receiving 7-s burns were statistically compared by the Student t test. RESULTS In a pilot study, mice were either left unburned or given a 7-s scald bum. The wound or skin surface was then inoculated with C. albicans. Histological sections of unburned, control skin and the burn wound at 4 h can be seen in Fig. 1 . The scalding procedure resulted in a full-thickness injury (third degree burn) with necrosis extending into the panniculus carnosus. Few, if any, yeasts were observed in tissue sections at 4 h postburn, although viable counts of tissue biopsies revealed that between 102 and 103 CFU/g of tissue could be recovered from both burned and unburned skin (Fig. 2) . At 24 h postinoculation, control mice showed a decrease in organisms on the skin, and by 3 days, no candida were detected in skin biopsies. Conversely, in scalded mice, the number of organisms present in the burn wound increased rapidly to approximately 107 CFU/g of tissue at 72 h postburn. At 1 week postburn, the number of recoverable organisms in the wound remained at high levels (Fig. 2) .
To determine whether systemic spread of C. albicans could occur as a result of invasion through a burn wound, mice were given either a 2-s or 7-s scald burn of 20% total body surface area, and the wounds were inoculated with C. albicans. Burn wounds and kidneys were then assayed for the presence of the yeasts. At each of the time periods examined (1, 4, 7, and 10 days postburn), mice burned for 2 s had significantly fewer C. albicans present in the wounds than mice given 7-s burns (Table 1 ; P < 0.05). Furthermore, at 10 days postburn, three of eight mice burned for 2 s had complete separation of the eschar, and no organisms were recovered from the wound surfaces. C. albicans was not recovered from the kidneys of mice receiving 2-s burns, whereas 3 of 33 mice burned for 7 s had yeasts isolated from 4 24 72 168 the kidneys at the time of sacrifice (Table 1) . These yeasts were biochemically identical to the strain of C. albicans inoculated onto the wound surface. Histological sections of three mice from each burn group (2 and 7 s) were examined to evaluate the depth of candida penetration into the wounds (Table 2 ). Both 2-s and 7-s scald burns resulted in full-thickness injury. The major difference between the two groups was the degree of tissue damage to the panniculus carnosus. With the 2-s burn, only focal areas of necrosis could be observed in muscle, whereas with the 7-s burn, more widespread damage to muscle was observed (see Fig. lb ). In the group of mice burned for 2 s, colonization of wounds was limited to the upper eschar at 1 day postburn (Table 2) . Two types of colonization were observed: surface (Fig. 3) and intrafollicular (Fig. 4) . By 4 days postburn, surface colonization was again apparent, and penetration of yeasts into the lower areas of the eschar was occasionally observed. Penetration of organisms into the lower eschar was more prevalent at 7 and 10 days postburn, but the organisms did not progress deeper into the wound. Complete separation of the eschar was noted histologically in one mouse at 10 days, and at that time period all mice exhibited evidence of wound reepithelialization (Fig. 5) .
In mice given a 7-s burn, surface colonization was observed at 1 day postburn, and penetration through the eschar into subdermal tissue by the organism was noted by 4 days postburn (Table 2) . By 7 days, the infection had progressed through the panniculus carnosus, and microabscesses were present in the underlying fascia and granulation tissue (Fig.  6 ). At 10 days postburn, organisms continued to be present in the fascia, but no evidence of further penetration was noted. In some areas, separation of the eschar and wound reepithelialization were observed, although not factors present in or on the skin inhibit permanent candida colonization (1) . However, when the skin is damaged by thermal injury, colonization and rapid proliferation of the organism occurs. Whether the organism can invade into subeschar tissue may depend a great deal on the depth of the burn. Penetration into subdermal areas of the eschar and systemic invasion only occurred in mice burned for 7 s, even though both the 2-s and 7-s injuries resulted in full-thickness V.
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FIG. 4 . C. albicans colonization (arrow) of a hair follicle at 24 h postburn (Goodpasture's stain). Note that the organisms are beginning to penetrate the surrounding eschar from the hair follicle (arrowhead). Bar, 125 , um. for further studies into the pathogenesis of candidiasis after thermal injury.
Inoculation of unburned, depiliated mouse skin with C. albicans resulted in temporary colonization that was cleared within 72 h. This finding suggests that, as with humans, bums. This observation suggets that, even though the wound size was the same in each group (20% total body surface area), the deeper wound may have caused a greater depression in the immune response. We have examined the ability of spleen cells obtained from these animals to respond to various T-and B-cell mitogens and have found that, whereas the mitogenic responses were depressed compared with unburned animals, the only apparent difference in the responses between the two groups of burned mice was a slightly longer suppression in mice burned for 7 s (H. Singh, personal communication). Wound cicatrization eventually occurred in each group, at which time no organisms could be recovered from the wound area. No mortality was noted in our studies after wound surface inoculation, although preliminary studies indicated a 3-log decrease in the 50% lethal dose of intravenously injected C. albicans in burned versus unburned mice.
In the absence of colonization of indwelling cannulae, little is known of the ability of C. albicans to invade systemically after thermal injury. Two routes of systemic dissemination have been postulated: gastrointestinal, based on the studies of Krause et al. (6) , and burn wound (3, 13) . Biopsies of human bum wounds colonized by candida have shown the yeast to colonize the surface and penetrate into the eschar (14) . Bruck et al. (3) studied the occurrence of fungi in burn wounds and found that full-thickness burns were more likely to be colonized with yeast than were partial-thickness burns. These findings led the authors to conclude that dissemination of yeast can occur through burn wounds. Our findings support this theory. Systemic dissemination of C. albicans from the bum wound, as judged by the presence of organisms in the kidneys, was noted in approximately 10% of the mice receiving 7-s burns. Since no evidence of penetration into deep muscles of the back was observed in histological sections, dissemination to the kidneys probably occurred by C. albicans invading blood vessels in the subeschar areas rather than by contiguous spread. Although a gastrointestinal source of sepsis cannot be completely ruled out, it is unlikely, since all of the mice would have had equal exposure to ingested candida, yet only mice burned for 7 s had evidence of systemic infection. We are currently using scalded mice to determine if dissemination can occur through the gastrointestinal tract after thermal injury.
In summary, this paper describes initial observations of C. albicans burn wound infection in scalded mice. The model appears to be suitable for use in studies investigating virulence factors that may play a role in the pathogenesis of candidiasis in burn patients, as long as a burn of at least 7 s is used. Thermal injury of shorter duration will not result in invasion of organisms into the subeschar area. The study also demonstrated that systemic candidiasis can occur through burn wound invasion.
